Abstract A series of novel steroidal C-20 oxime ester derivatives were prepared from 16-DPA, and their structures were characterized by IR, 1D-NMR and ESI-MS methods. The compounds were tested against NB4, PC-3 and HeLa cancer cells in vitro, five of which showed potent cytotoxicity. Preliminary results indicated that structure modification of C-20 oxime ester may have potential cytotoxicity. 
Introduction
It is well known that steroids play an important role in biological processes and thus have the potential to be developed as drugs for the treatment of a large number of diseases including cardiovascular (Dubey et al., 2002) , autoimmune diseases (Latham et al., 2003) , etc. 16-Dehydropregnenolone acetate (16-DPA, 3b-(acetyloxy)pregna-5,16-dien-20-one), a steroidal intermediate, is well prepared from diosgenin or from solasodine (Chowdhury et al., 1998 (Chowdhury et al., , 2011 Goswami et al., 2003; Micovic et al., 1990; Vronena et al., 2004) . There have been various reports on structural diversity and biological activities of steroids from 16-DPA (Banerjee et al., 2003; Hartmann et al., 2000; Kumar et al., 2011; Njar et al., 1998) , including preparation of adrenocorticoids drugs, glucocorticoid drugs, steroidal anti-inflammatory drugs, sexual hormones, and so on. About preparation of steroidal derivatives, introduction of a methyl group at a certain position of steroids may significantly change their bioactivities (Li et al., 2010) . For example, introduction of methyl group at C-7 position of steroids affords important biological active compounds, such as tibolone (therapeutic against tumors, cardiovascular disorders) (Zheng and Li, 2003) . Therefore, the investigation of new modified steroid derivatives condensed with various groups or rings has been given great attention. For instance, Khan and Asiri (2011) have recently synthesized series of novel steroidal oxazolo quinoxaline derivatives by the multi-step reactions of steroid, and found their antibacterial activity. In our search for various physiologically important steroid derivatives, 7-O-methylation metabolites from Penicillium citrinum were obtained by microbial transformations using 16-DPA as the substrate (Gao et al., 2011) , and some polyhydroxylated steroids from Ginkgo biloba were also isolated (Qin et al., 2009) .
In view of the therapeutic importance of steroids, our present study is focusing on the synthesis and cytotoxic evaluation of a new series of substituted steroids containing modifications at C-20 position. The new compounds were obtained by chemical modifications to the structure of the commercially available substrate, 16-dehydropregnenolone acetate (16-DPA). In the course of chemical modifications, condensation of 16-DPA and hydroxylamine gave a key intermediate, 3b-acetoxy-5,16-pregnadien-20-oxime 2, followed by acylation of 2 with appropriate acid chlorides to afford a series of C-20 oxime ester derivatives 3a-w (Scheme 1). Their cytotoxicity activities against human cancer cell lines, acute promyelocytic leukemia cells (NB4), prostate carcinoma cells (PC-3) and cervix adenocarcinoma cells (HeLa) were tested. Herein, we report the synthesis and preliminary cytotoxic activities of novel steroidal C-20 oxime ester derivatives.
Material and methods

Material
Melting points were obtained on an XRC-1 apparatus (Beijing Tech Instrument Co., China) and uncorrected. Infrared (IR) spectra were measured with a Bruker Tensor 27 spectrophotometer (BrukerOptics, Germany) in KBr pellets. Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance III spectrometer (Unity Plus 500 MHz) (Bruker BioSpin, Rheinstetten, Germany) with TMS as internal standard. Electrospray ionization mass spectrometry (ESI-MS) data were obtained on a Thermo Fisher LTQ Fleet instrument spectrometer (Thermo Scientific, USA). Thin-layer chromatography (TLC) was performed on silica gel 60 F 254 (Qingdao Marine Chemical Ltd., China). Column chromatography (CC) was performed over silica gel (200-300 mesh, Qingdao Marine Chemical Ltd.). 16-Dehydropregnenolone acetate (16-DPA, purity > 99%) was obtained from Hunan Keyuan Biological Products Co., Ltd. All acid chloride, trypan blue and etoposide were purchased from Sigma-Aldrich. RPMI medium 1640 was from GIBCO. All other chemicals used in this study without stated are of analytical grade.
Preparation of compounds 3a-w
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Cytotoxic activities of compounds on three cancer cell lines
The numbers of viable cells were counted using a trypan blue dye exclusion test (Schlager and Adams, 1983) . The reactivity of trypan blue is based on the fact that the chromopore is negatively charged and does not interact with the cell unless the membrane is damaged. Therefore, all the cells which exclude the dye are viable. In the experiment, NB4, PC-3 and HeLa cells were seeded at a density of 1 · 10 5 cells/well in 24 well multiwell plates and treated with derivatives at the concentration of 30 lM. After incubation in a humidified CO 2 (5%) incubator at 37°C for 48 h, cells were harvested and stained with trypan blue, and then observed with hematocyte counter under microscope for cell number counting. The percentage dead rates of cells exposed to the derivatives were calculated by assuming the stained cells of total cells (stained cells + unstained cells) to be 100%. Etoposide was preferred as the positive control.
Results and discussion
16-DPA is a versatile intermediate in the synthesis of steroid hormones, because it is an ideal platform for preparation of bioactive drugs. In the previous work, 23 novel steroidal C-20 oxime ester derivatives were designed and synthesized from 16-DPA. Firstly, a key intermediate 2, 3b-acetoxy-5,16-pregnadien-20-oxime, was obtained in excellent yield (95%) by oximation condensation of 16-DPA and hydroxylamine in a solution of 95% EtOH and pyridine at 100°C. Secondly, acylation of 2 with appropriate acid chlorides (aromatic and aliphatic chains moieties) in the presence of Et 3 N in dry CH 2 Cl 2 at room temperature afforded desired C-20 oxime ester derivatives 3a-w with above 85% yield (Scheme 1). The structures of the compounds prepared were characterized by m.p., IR, 1D-NMR and ESI-MS.
All derivatives were tested at the concentration of 30 lM against NB4, PC-3 and HeLa cells using trypan blue dye exclusion in vitro. Primary cytotoxic activities results were shown in Table 1 and inhibitory effect < 20% on three cancer cells was not shown. Of all the compounds containing these derivatives and their precursors, five compounds (3a, 3f, 3g, 3j and 3l) exhibited potent cytotoxic activities. Derivatives 3a, 3f and 3g showed an inhibition activity against HeLa cells with inhibition rates above 50%, while were inactive on other two cell lines NB4 and PC-3 (inhibition effect < 20%). In contrast, 3j and 3l showed potent cytotoxic activities against NB4 and PC-3 cells, and no cytotoxic activity against HeLa cells. This indicated that the type and position of the substituted group introduced to the benzene ring could obviously affect their bioactivity.
When oxime ester derivatives (3r-w) were acylated substitution with aliphatic chain, the cytotoxicity nearly loosed against these cell lines, and when fluoro or chloro was introduced to the ortho-or meta-position of benzoyl, the activities were much higher than corresponding bromo-and iodo-derivatives. Moreover, the cytotoxicity response may be sensitive to a variety of functional groups and positions on the benzene ring.
Conclusion
A series of new steroidal C-20 oxime ester derivatives were prepared and their cytotoxic activities against three human cancer cells NB4, PC-3 and HeLa were evaluated. Although some derivatives exhibited certain cytotoxic activity, there is no obvious structure-activity relationship tendency in general. Indeed, the experiment mentioned above is only a preliminary investigation, and there are more works to be carried out, and biological activities in detail deserve further investigation.
